Abstract Nitric oxide (NO) limits formation of neointimal hyperplasia in animal models of arterial injury in large part by inhibiting vascular smooth muscle cell (VSMC) proliferation through cell cycle arrest. The ubiquitin-conjugating enzyme UbcH10 is responsible for ubiquitinating cell cycle proteins for proper exit from mitosis. We hypothesize that NO prevents VSMC proliferation, and hence neointimal hyperplasia, by decreasing levels of UbcH10. Western blotting and immunofluorescent staining showed that NO reduced UbcH10 levels in a concentrationdependent manner in VSMC harvested from the abdominal aortas of Sprague-Dawley rats. Treatment with NO or siRNA to UbcH10 decreased both UbcH10 levels and VSMC proliferation (P \ 0.001), while increasing UbcH10 levels by plasmid transfection or angiotensin II stimulation increased VSMC proliferation to 150% (P = 0.008) and 212% (P = 0.002) of control, respectively. Immunofluorescent staining of balloon-injured rat carotid arteries showed a *4-fold increase in UbcH10 levels, which was profoundly decreased following treatment with NO. Western blotting of carotid artery lysates showed no UbcH10 in uninjured vessels, a substantial increase in the injury alone group, and a significant decrease in the injury ? NO group (*3-fold reduction versus injury alone). Importantly, in vitro and in vivo, a marked increase in polyubiquitinated UbcH10 was observed in the NO-treated VSMC and carotid arteries, respectively, indicating that NO may be decreasing unmodified UbcH10 levels by increasing its ubiquitination. Central to our hypothesis, we report that NO decreases UbcH10 levels in VSMC in vitro and following arterial injury in vivo in association with increasing polyubiquitinated-UbcH10 levels. These changes in UbcH10 levels correlate with VSMC proliferation and neointimal hyperplasia, making UbcH10 a promising therapeutic target for inhibiting this proliferative disease.
Introduction
The ubiquitin-proteasome pathway is responsible for the breakdown of the majority of short-lived proteins in the eukaryotic cell, including proteins involved in maintaining normal cell cycle progression [1, 2] . Protein ubiquitination proceeds via the coordinated activities of the ubiquitinactivating (E1), ubiquitin-conjugating (E2), and ubiquitin ligase (E3) enzymes, linking an e-amino group of the C-terminal glycine of ubiquitin to a lysine on a protein targeted for degradation [3] . Once a chain of at least four ubiquitin molecules has been added to the target protein, the polyubiquitin chain can be recognized by the 26S proteasome and the protein can be degraded [4] . One of the E2 enzymes, UbcH10, is known to interact with the E3 ligase, the anaphase promoting complex (APC), to sequentially ubiquitinate cell cycle proteins such as cyclin A, securin, and cyclin B, so that cells can exit mitosis [2, 5] . Recently, it has been shown that the UbcH10/APC complex autoubiquitinates UbcH10 in the beginning of G1, targeting UbcH10 for degradation [1] . This autoubiquitination and degradation of UbcH10 is necessary for normal cell cycle progression, as increased levels of UbcH10 have clearly been linked to pro-proliferative cancer disorders [6] [7] [8] .
Neointimal hyperplasia is a complication of vascular interventions. It is characterized by aggressive cellular proliferation and occurs following procedures to restore flow to occluded arteries, such as angioplasty and stenting, endarterectomy, and bypass grafting. We, and others, have shown that nitric oxide (NO) prevents VSMC proliferation, causes G 0 /G 1 cell cycle arrest, and is effective at inhibiting formation of neointimal hyperplasia in small and large animal models of arterial injury and vein bypass grafting [9] [10] [11] . Given the association of UbcH10 with cell cycle progression, and given that neointimal hyperplasia is a proproliferative disorder, we hypothesize that NO inhibits neointimal hyperplasia by decreasing UbcH10 levels. We show here, both in vascular smooth muscle cells (VSMC) in vitro and in a rat carotid artery balloon injury model of neointimal hyperplasia in vivo, that levels of UbcH10 directly correlate with proliferation and neointimal hyperplasia. Interestingly, we also show that NO decreases levels of UbcH10 by increasing the ubiquitination and degradation of UbcH10. This makes UbcH10 a promising target for preventing neointimal hyperplasia and restenosis following vascular interventions.
Materials and Methods

Cell Culture
Vascular smooth muscle cells (VSMC) were harvested and cultured from the abdominal aorta of Sprague-Dawley rats (Harlan, Indianapolis, IN), and maintained as previously described [12, 13] . Cultured cells had the characteristic appearance of hills and valleys and were routinely more than 95% pure by smooth muscle cell a-actin staining [14] .
Diethylenetriamine NONOate (DETA/NO) Preparation Diethylenetriamine NONOate (DETA/NO) was synthesized by L.K.K. and J.E.S. as previously described [15] . Stock solutions (10 mM) were prepared by dissolving solid DETA/NO in the appropriate complete culture medium just before use.
Cell Proliferation
Vascular smooth muscle cells (VSMC) plated in 12-well plates (4 9 10 4 cells/well) were growth arrested for 24 h in medium without fetal bovine serum (FBS 
Western Blot Analysis
Whole-cell suspensions of DETA/NO-treated, angiotensin II-treated (AngII; Sigma-Aldrich; St. Louis, MO), and untreated VSMC were prepared as previously described [16] and protein concentrations determined by bicinchoninic acid assays performed according to the manufacturer's instructions (Pierce, Rockford, IL). Whole-cell suspensions were subjected to acrylamide gel electrophoresis on 8-13% gels, after which proteins were transferred to a nitrocellulose membrane. Protein levels were determined using antibodies to UbcH1, UbcH2, UbcH3, UbcH5, UbcH6, UbcH7, UbcH9, UbcH10, and UbcH12 (1:500 to 1:2000; Boston Biochem, Boston, MA). Blotting for b-actin served as a loading control.
Immunoprecipitation
For immunoprecipitations, DETA/NO-treated and untreated VSMC were lysed using lysis buffer A (20 mM TrisHCl [pH 7.5], 150 mM NaCl, 1 mM ethylenediaminetetraacetic acid (EDTA), 1 mM ethyleneglycoltetraacetic acid (EGTA), 1% (v/v) Triton X-100, 2.5 mM sodium pyrophosphate, 1 mM b-glycerol phosphate, 1 mM sodium orthovanadate, 1 lg/ml leupeptin, and 1 mM PMSF), and 50 lg of lysate was incubated with 1 lg of goat IgG plus 20 ll of protein A/G Sepharose (both from Santa Cruz) for 1 h at 4°C on a rotating wheel. The beads were then pelleted by centrifugation for 5 min at 1500 rpm and 4°C in an Eppendorf 5417R centrifuge (Westbury, NY), and the supernatant transferred to a fresh tube, to which was added 20 ll of protein A/G Sepharose and 2.5 lg of UbcH10 antibody (Santa Cruz). After overnight incubation at 4°C on a rotating wheel, the beads were pelleted at 2500 rpm for 15 min at 4°C and the supernatants carefully removed. The beads were then subjected to acrylamide gel electrophoresis, transferred to nitrocellulose membranes, and protein levels were detected using the antibody concentrations listed above.
siRNA Transfection
Vascular smooth muscle cells (VSMC) were plated in 12-well plates (4 9 10 4 cells/well) with 1 ml of complete medium. Transfection reactions were prepared in OptiMEM Medium (Invitrogen) and consisted of 75 pmol of UbcH10 siRNA (sequence GGAGAACCCAACAUCG AGAUU; Dharmacon, Lafeyette, CO) or a scrambled control siRNA (D-001210-01-05, Dharmacon) and a 1:50 dilution of RNAiMax (Invitrogen). One hundred microliters of this transfection reaction mixture was added to each well 16-24 h after initial plating. After 3.5 h, the transfection reaction mixture was aspirated off and replaced with complete medium treated with or without DETA/NO. After 48-72 h, [ 3 H]-thymidine was added to each well for 16 h, and incorporation was measured as described above.
Plasmid Transfection
Vascular smooth muscle cells (VSMC) were plated in 12-well plates (4 9 10 4 cells/well) with 1 ml of complete medium. The next day, transfection reactions were prepared in serum-free medium consisting of 5 lg of UbcH10 plasmid (Origene; Rockville, MD) or 5 lg of a control plasmid and 1.2 ll of MegaTran 1.0 transfection reagent (Origene). The plating medium was then aspirated off and the transfection reaction mixture was added to cells. After 4 h, the transfection mixture was aspirated off, complete medium containing [ 3 H]-thymidine was added to each well for 16 h, and incorporation was measured as described above.
Immunofluorescent Cell Staining
Vascular smooth muscle cells (VSMC) plated on coverslips placed inside 6-well plates (1 9 10 5 cells/well) were growth arrested for 16-24 h in serum-free medium. The cells were then treated with 1000 lM DETA/NO for 24 h, followed by fixation in 5% formaldehyde. The coverslips were permeabilized with 0.3% Triton X-100 in PBS for 10 min, blocked with donkey serum (1:20 in BSA) for 30 min, exposed to an anti-UbcH10 antibody (1:50, sc-47545, Santa Cruz) for 1 h, rinsed, exposed to an AlexaFluor 594 secondary antibody (1:2000 in PBS, Invitrogen, Eugene, OR) for 30 min, rinsed, then stained with DAPI (1:500 in PBS) for 30 s. Coverslips were then cured to slides using Pro Long Anti Fade Reagent (Invitrogen). Digital images were acquired using Spot Advanced software (Diagnostic Instruments; Sterling Heights, MI) on a Nikon Eclipse 50i Microscope (Nikon Instruments, Inc.; Melville, NY) with a 940 objective.
Animal Surgery
All animal procedures were performed in accordance with the Guide for the Care and Use of Laboratory Animals published by the National Institutes of Health (NIH Publication 85- 23, 1996) and approved by the Northwestern University Animal Care and Use Committee. Male Sprague-Dawley rats weighing between 350 and 400 g were anesthetized with inhaled isoflurane (0.5-3%). Atropine was administered subcutaneously (0.1 mg/kg) to decrease airway secretions. After a midline neck incision, the left common carotid artery (CCA), external carotid artery (ECA), and the internal carotid artery (ICA) were dissected and proximal and distal control obtained with microclips. A transverse arteriotomy was created on the ECA. A 2 French Fogarty catheter (generously provided by Edwards Lifesciences) was inserted into the CCA through the ECA, and the CCA injured by inflating the balloon to 5 atmospheres of pressure for 5 min. Following injury, the catheter was removed, the ECA ligated, and flow restored to the CCA and ICA, as previously described [10, 11, 17] . Immediately after injury and restoration of flow, 20 mg of proline NONOate (PROLI/NO) powder was applied evenly to the periadventitial surface of the injured CCA of rats in the treatment group as previously described [10, 11, 17] . The neck incision was closed and carotid arteries were harvested at 3 or 14 days post-injury. Control groups included no injury and injury alone (n = 3/group).
Tissue Processing for Histology
Carotid arteries were harvested 14 days after balloon injury as follows. Rats were anesthetized with isoflurane and euthanized with 0.5 ml euthasol, and a bilateral thoracotomy was performed. A long midline incision was made to expose both carotid arteries. Vessels were perfused and fixed in situ using cold 19 PBS (250 ml) and 2% paraformaldehyde (500 ml), and then explanted en bloc from the aortic arch to the carotid bifurcation. The injured segment of the carotid arteries were frozen in TissueTek O.C.T. compound (Sakura Finetek USA, Torrance, CA) and cut into 5-lm sections throughout the entire injured area, as previously described [9] .
Tissue Processing for Lysates
For carotid lysates, vessels were harvested 3 days after balloon injury. Rats were anesthetized, euthanized, and the vessels exposed as described above; however, the rats did not undergo in situ perfusion and fixation. Each carotid artery was ligated at the aortic arch and explanted en bloc as quickly as possible. Vessels were identified, washed in cold 19 PBS, opened en face, and the injured section of the CCA was excised, snap-frozen, and stored in liquid nitrogen until lysed via mechanical means (ceramic mortar and pestle, CoorsTek; Golden, CO) and resuspended in lysis buffer (50 mM Hepes [pH 7.5], 150 mM NaCl, 10% glycerol (v/v), 10 mM sodium pyrophosphate [Na 4 P 2 O 7 ], 1 mM EDTA, 1 mM ethylene glycol tetraacetic acid [EGTA], 1% Triton X-100, 10 lg/ml aprotinin, 10 lg/ml leupeptin, 50 mM sodium fluoride [NaF], 1 mM sodium orthovanadate [Na 3 VO 4 ] , and 1 mM PMSF). Protein concentration was determined via BCA assay, and samples were stored at -80°C until western blot analysis.
Immunofluorescent Tissue Staining
Carotid artery sections of uninjured, injured, and NO-treated rats were fixed in 2% paraformaldehyde. Slides were permeabilized with 0.3% Triton X-100 in PBS for 10 min. Slides were then blocked with donkey serum (1:20 
Statistical Analysis
Results are expressed as the mean ± standard error (SE) of the mean. Differences between groups were analyzed by one-way analysis of variance (ANOVA) with the StudentNewmann-Keuls post hoc test for all pairwise comparisons (SigmaStat; SPSS. Chicago, IL). Statistical significance was assumed for P \ 0.05.
Results
NO Decreased Levels of the Ubiquitin-Conjugating Enzymes Required for Proper Cell Cycle Advancement
To begin our investigation into the effects of NO on protein ubiquitination, we performed western blotting analysis on extracts of VSMC treated in the presence or absence of the NO donor DETA/NO (500-1000 lM) for 24 h. As seen in Fig. 1 , while NO had little to no effect on UbcH1, UbcH2, UbcH5, UbcH6, UbcH7, or UbcH9, it decreased levels of UbcH3, UbcH10, and UbcH12 (Fig. 1 arrows) , all of which are crucial to proper cell cycle advancement. UbcH3 breaks down the cyclin-dependent kinase inhibitor p27 [18] , but is also autoubiquitinated to insure the cell moves out of G1 and into S phase [19] . UbcH12 ubiquitinates the cullin protein that is part of the Skp-cullin-F-box ubiquitin ligase [20] , which is the E3 partner of UbcH3. Finally, UbcH10 is required for ubiquitination and degradation of cyclin A, securin, and cyclin B, which allows exit from mitosis [5] . Since NO induced the greatest decrease from baseline in UbcH10 levels, we decided to pursue this relationship further.
Decreased UbcH10 Levels Correlated with Decreased VSMC Proliferation
Since NO is known to inhibit VSMC proliferation, and we observed that NO decreases UbcH10 levels, we performed [ 3 H]-thymidine incorporation assays and VSMC protein collections in tandem to examine this relationship further. Fig. 1 Nitric oxide (NO) reduced levels of ubiquitin-conjugating (E2) enzymes important for cell cycle progression. Vascular smooth muscle cells (VSMC) were treated with the NO donor diethylenetriamine NONOate (DETA/NO, 500-1000 lM), then subjected to western blot analysis using antibodies to the E2 enzymes shown on the left. Equal loading was verified by staining for b-actin. NO caused decreased levels of UbcH3, UbcH10, and UbcH12 (arrows), with the greatest decrease from baseline seen in UbcH10. t = 24 h. Images are representative of three separate experiments As seen in Fig. 2a , the NO-mediated decrease in UbcH10 levels was concentration dependent. Interestingly, NO caused an increase in polyubiquitinated UbcH10. As shown in Fig. 2b , this decrease in UbcH10 directly correlated with inhibition of VSMC proliferation (59% inhibition with DETA/NO 1000 lM, P \ 0.001). Immunofluorescent staining for UbcH10 in VSMC revealed a mostly cytoplasmic and perinuclear pattern of distribution and confirmed that NO decreased levels of UbcH10 in VSMC (Fig. 2c, red staining) .
Since NO lowered UbcH10 levels and inhibited proliferation in VSMC, we sought to determine whether lowering UbcH10 levels independent of NO would have a similar effect. To that end, we transfected VSMC with siRNA against UbcH10 and assessed protein levels and Fig. 3 Knockdown of UbcH10 levels decreased VSMC proliferation. a VSMC were transfected with siRNA against UbcH10, a scrambled control, transfection reagent only (Dharmafect), or treated with DETA/NO (500 lM), then subjected to western blot analysis using antibodies to UbcH10 or b-actin. UbcH10 knockdown using siRNA was similar to that observed with DETA/NO. b Proliferation of VSMC transfected as in a was assessed via [ 3 H]-thymidine incorporation. NO treatment and siRNA transfection and NO treatment caused similar decreases in VSMC proliferation (50% and 58% versus control, respectively, * P \ 0.001). t = 48 h. Data are representative of three separate experiments Fig. 2 NO decreased VSMC proliferation and levels of UbcH10 in a concentration-dependent manner. a VSMC treated with DETA/NO (62.5-1000 lM) were subjected to western blot analysis for UbcH10. As seen in Fig. 1, 500 and 1000 lM DETA/NO caused the greatest reduction in UbcH10 levels. NO was also noted to increase polyubiquitinated UbcH10 (Ub-UbcH10). b Proliferation of VSMC was assessed via [ 3 H]-thymidine incorporation. NO treatment decreased VSMC proliferation 59% compared to control, * P = 0.001. c Immunofluorescent staining of VSMC for UbcH10 (red) showed a distinct localization to the cytoplasm in treated and untreated cells. While NO did not alter the subcellular localization of UbcH10, it markedly decreased UbcH10 levels. Nuclei were stained with DAPI (blue). Data shown are representative of three separate experiments. t = 24 h, n = 3/treatment group (Color figure online) proliferation. As seen in Fig. 3a , we achieved knockdown of UbcH10 on par with that caused by 0.5 mM DETA/NO. As shown in Fig. 3b , decreased UbcH10 levels caused by either siRNA or NO correlated with inhibition of VSMC proliferation (50% and 58% inhibition, respectively; P \ 0.001).
Increased UbcH10 Levels Correlated with Increased VSMC Proliferation
Since decreased UbcH10 levels led to decreased VSMC proliferation, we wanted to determine whether increased UbcH10 levels would lead to increased VSMC proliferation. As shown in Fig. 4a , VSMC transfected with a plasmid (5 lg) bearing the gene for UbcH10 showed a marked increase in UbcH10 levels. Increased UbcH10 levels correlated with increased VSMC proliferation (150% of control, P = 0.008), as seen in Fig. 4b .
Angiotensin II (AngII) is commonly used to stimulate VSMC proliferation in culture. Since we observed increased proliferation when we increased UbcH10 levels via plasmid transfection, we wanted to ascertain whether UbcH10 levels increased in AngII-treated VSMC. As seen in Fig. 5a , treatment with AngII (5000 nM) caused a significant increase in UbcH10 levels, which was accompanied by a sharp increase in VSMC proliferation (212% of control, P = 0.002), as shown in Fig. 5b . Interestingly, NO still decreased UbcH10 levels and proliferation in VSMC treated with AngII.
NO Decreased Injury-Induced Increases in UbcH10 Levels
To study the effects of NO on UbcH10 levels in vivo, we employed the rat carotid artery balloon injury model. Immunofluorescent staining of artery sections (Fig. 6) showed that injury significantly increased UbcH10 levels (red staining) 14 days post-injury. This increase in UbcH10 was observed throughout all three layers of the arterial wall (i.e., neointima, media, and adventitia). Periadventitial treatment with the NO donor PROLI/NO (20 mg) caused a Fig. 4 Increased UbcH10 levels increased VSMC proliferation. a VSMC transfected with a plasmid bearing the gene for UbcH10 (pUbcH10) were subjected to western blot analysis using antibodies to UbcH10 or b-actin. Transfection caused a significant increase in UbcH10 expression over baseline. b Proliferation of VSMC transfected as in a was assessed via [ 3 H]-thymidine incorporation, and showed that pUbcH10 increased proliferation to 150% of control. * P = 0.008, t = 24 h. Data are representative of three separate experiments Fig. 5 NO inhibited angiotensin II-stimulated VSMC proliferation and increased UbcH10 levels. a VSMC treated with angiotensin II (AngII, 1000 or 5000 nM) to stimulate proliferation were treated with DETA/NO (500 or 1000 lM) and subjected to western blot analysis using antibodies to UbcH10 or b-actin. AngII treatment caused a significant increase in UbcH10 levels, which was abrogated by treatment with NO. b Proliferation of VSMC treated as in a was assessed via [ 3 H]-thymidine incorporation. AngII increased VSMC proliferation to 212% of control, which was substantially decreased upon exposure to DETA/NO. * P = 0.002 vs. control, t = 24 h. Data are representative of three separate experiments substantial decrease in injury-induced UbcH10 levels throughout all three layers of the arterial wall.
To further study the effects of NO on UbcH10 levels and determine if NO decreased UbcH10 by increasing polyubiquitination of UbcH10, we homogenized arteries 3 days after injury and subjected them to western blot analysis. As seen in Fig. 7 , balloon injury increased UbcH10 levels, correlating with the histology data. NO treatment reduced UbcH10 levels but increased polyubiquitinated UbcH10, supporting our in vitro data.
Discussion
Here we show for the first time that levels of UbcH10 in the vasculature directly correlate with cellular proliferation in vitro and in vivo. Depletion of UbcH10 levels by NO or siRNA treatment caused decreased VSMC proliferation. Elevation of UbcH10 levels using plasmid transfection or angiotensin II stimulation led to increased VSMC proliferation. Balloon-injured arteries showed increased UbcH10 levels, especially in the neointima, an area of aggressive proliferation. When balloon-injured arteries were treated with NO, neointima formation was abrogated, and UbcH10 levels dropped markedly. Interestingly, we showed that while treatment with NO decreased levels of unmodified UbcH10, it increased levels of polyubiquitinated UbcH10, indicating that NO may be preventing proliferation by causing UbcH10 degradation by the 26S proteasome.
Much is known about UbcH10 and its role in regulating cell cycle progression by aiding the APC to degrade cyclin A, securin, and cyclin B, thus allowing cells to exit mitosis [5] . Recent work has shown that autoubiquitination of UbcH10 allows it to be degraded in a timely manner by the APC at the beginning of G1, leading to inactivation of the APC [1, 2] . The inactivation of the APC allows UbcH10 to accumulate through S phase and peak in mitosis, restarting the cycle [5] . Disruption of UbcH10 levels leads to derangements in the cell cycle, with many of the effects of increasing or decreasing levels of UbcH10 documented in cancer. Cancers derived from many different tissues, including lung, stomach, ovary, breast, uterus, bladder, and Following balloon injury and treatment with or without the nitric oxide donor proline NONOate (PROLI/NO, 20 mg, t = 14 days), rat carotid artery cross sections underwent immunofluorescent staining for UbcH10 levels (red). UbcH10 levels increased following arterial injury, and was significantly decreased by the addition of NO. Nuclei were stained with DAPI (blue). Autofluorescence of the internal elastic lamina is also shown (green). Data are representative of three separate stains (Color figure online) brain, have increased levels of UbcH10 [8] . Increasing levels of UbcH10 in NIH-3T3 fibroblasts causes them to become more invasive and proliferative [7] , while knockdown of UbcH10 levels using siRNA decreases cellular proliferation and invasiveness [6, 8] . Taken together, these results show that UbcH10 is clearly important in regulating proliferation.
Regarding the vasculature, many studies have shown the beneficial effects of NO, including maintenance of vascular tone, upregulation of endothelial cell proliferation, prevention of endothelial cell apoptosis, prevention of leukocyte chemotaxis, prevention of VSMC proliferation and migration, and enhancement of VSMC apoptosis [21] . The effects of temporary inhibition of the proteasome in the vasculature are also well-known, and are similar to those of NO administration following balloon injury. They include prevention of neointimal hyperplasia, increased cellular apoptosis, reduction in macrophage infiltration, and accumulation of ubiquitinated proteins [22, 23] . The buildup of ubiquitinated proteins due to chronic inhibition of the proteasome has been linked to a number of cardiovascular dysfunctions, including cardiomyopathy, unstable atherosclerotic plaques, and increased intimal hyperplasia of vein grafts [24] [25] [26] [27] [28] [29] . Thus, while temporary inhibition of the proteasome by NO can be beneficial, chronic inhibition causes derangements in protein clearance and can lead to disease in the vasculature.
In contrast to the wealth of information regarding the effects of NO in the vasculature and UbcH10 in cancer, very little is known about the actions of UbcH10 in the vasculature and even less is known about the effect of NO on UbcH10 in the vasculature. To our knowledge, this is the first study to evaluate the effects of NO on UbcH10 levels in the vasculature. Though our results show an essential action for UbcH10 in cellular proliferation, there is one limitation of the current study; namely, the mechanism by which NO acts on UbcH10 is not known. We showed that NO caused increased polyubiquitination of UbcH10, but do not know how NO is causing this reaction. NO could either be increasing ubiquitination of UbcH10 or preventing deubiquitination of UbcH10, thus keeping UbcH10 in an inactive state and preventing cell cycle progression. With respect to increasing ubiquitination of UbcH10, NO may act to increase the activity of the APC through altering APC activators (i.e., Cdc20 or Cdh1) or APC inhibitors (i.e., Emi1, Mad2, or Bubr1). Furthermore, given that the majority of deubiquitinating enzymes (DUBs) are cysteine proteases, it is possible that NO is inhibiting the DUB that deubiquitinates UbcH10 through S-nitrosylation. More work in our lab is currently underway to determine the deubiquitinating enzyme(s) responsible for acting on UbcH10.
In conclusion, we showed that UbcH10 is an important mediator of the effects of NO in the vasculature. Specifically, increased UbcH10 caused increased proliferation and neointimal hyperplasia, while decreased UbcH10 led to decreased proliferation and neointimal hyperplasia. NO also caused increased levels of polyubiquitinated UbcH10 to form, providing a glimpse at the mechanism by which NO acts to inhibit neointimal hyperplasia. This important work could lead to a small molecule therapy to target UbcH10 and prevent neointimal hyperplasia and restenosis without the side effects of systemic NO or proteasome inhibitor administration.
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